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Core ldeas:

1. Herbicide-resistant Palmer amaranth is a major pest in cropping systems in the U.S.

2. Integrated weed management tactics are needed to delay further resistance issues.

3. Cover crops and PRE herbicides reduced Palmer amaranth exposure to dicamba 98%.

4. Replacing a third POST with a layby reduced exposure to dicamba by 38,319 plants ha™.

5. Cotton yield was highest when utilizing a cover crop and preemergence herbicides.
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dicamba POST potentially delaying Palmer amaranth resistance
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ABSTRACT

Dicamba-tolerant soybean ((Glycine max L.} and cotton (Gossypium hirsutum L.) are the
most common herbicide-tolerant technologies planted for these crops across the U.S; thus,
measures to reduce selection for dicamba-resistance in weeds is paramount. Four studies in GA
and TN evaluated the potential for integrated strategies to reduce selection pressure on dicamba
applied POST in cotton. A split-plot arrangement consisted of conventional tillage or rye cover
crop as the whole plot. The subplot included four herbicide systems: no herbicide, 3 sequential
POSTs, PRE fb 3 POSTs, and PRE tb 2 POSTs fb LPD. Each POST application was glyphosate
plus dicamba. The cover crop reduced Palmer amaranth (Amaranthus palmeri S. Watson) density
75, 70, and 54% at POST 1, POST 2, and POST 3 applications, respectively. PRE herbicides
reduced densities 99, 99, and 96% at the aforementioned application timings, respectively, while
a combination of cover crop plus PRE herbicides resulted in similar reductions. Cumulative for
the season, Palmer amaranth exposure to dicamba was reduced 65% by cover crops, 98% by
PRE herbicides, and 98% by cover crop plus PRE herbicides. Replacing the third POST with an
LPD application further reduced plants exposed with dicamba by 38,319 plants ha™'.
Crowfootgrass (Dactyloctenium aegyptium (L.) Willd.) and yellow nutsedge (Cyperus esculentus
L.) followed trends observed with Palmer amaranth. Neither cover crop nor PRE herbicides
effectively reduced the number of pitted moringglory ([pomoea lacunosa L.) controlled by
glyphosate plus dicamba POST. Also of significance, no program completely eliminated weeds
at harvest, early-season cotton heights in total POST programs were reduced at least 27% by
early-season weed competition, and cotton yields were greater when using conservation tillage

systems.
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41 Abbreviations: POST, postemergence; PRE, preemergence; LPD, layby post-directed; fb,

42 followed by.

43
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INTRODUCTION

Problematic weeds are constantly adapting to agricultural practices (Culpepper, 2006;
McEFElroy, 2014; Webster and Nichols, 2012). One of the earliest recorded examples of this
phenomenon was the ability of a weed species to evolve and appear similar to the cultivated
crop, resulting in the inability of hand laborers to distinguish the weed from the crop visually
(McElroy, 2014). Weed management strategies have seen a dramatic shift from primarily
physical weed control to chemical weed control in the developed world (McElroy, 2014; Ziska et

al., 2019); vet, weeds continue to adapt by evolving resistance to herbicidal mechanisms of

action (Busi et al., 2013; Green and Owen, 2011; Gressel et al., 2016).

The selection of herbicide resistant weeds is a function of species biology, characteristics
of genes conferring herbicide resistance, and the number of individuals treated over time and
space (Gaines et al., 2019; Heap, 2014). Glyphosate-resistant crops were commercialized in
1996, resulting in a rapid shift to heavy reliance on glyphosate for weed control in some of the
most widely produced crops in the U.S., such as cotton (Gossypium hirsutum 1) and soybean
(Glycine max 1..) (Green, 2009; Jones and Snipes, 1999; Young, 2006). Immediately following
the introduction of glyphosate resistant varieties, the number of different mechanisms of action
utilized in soybean during the growing season rapidly decreased from five to just one —
glyphosate (Young, 2006). Although some scientists believed that weed resistance to glyphosate
was extremely unlikely, as soon as five years after the introduction of this technology,
glyphosate resistant weeds had become problematic in many production systems (Bradshaw et
al., 1997; VanGessel et al., 2001; Culpepper et al., 2006). In the case of glyphosate-resistant
weeds, initial mutation frequency was low; however, glyphosate was used over a large area, with

broad-spectrum activity selecting for many resistant biotypes (Gaines et al., 2019; Heap, 2014).
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This, coupled with the abandonment of other effective weed control practices including herbicide
rotation and cultural or physical control methods, led to widespread herbicide resistance in many

CTOpS.

Following the selection for widespread glyphosate resistance in weeds, both industry and
academic scientists recommended the reincorporation of integrated weed management strategies,
such as utilization of residual herbicides or implementing tillage (Gustafson, 2008; Sosnoskie
and Culpepper, 2014). Although residual herbicides are important components to weed
management programs in a multitude of crops, postemergence (POST) herbicide applications are
still necessary for adequate weed control (Everman et al., 2009; Johnson et al., 2012). To provide
greater flexibility to growers as well as increase POST herbicide options, cotton has been
engineered with resistance to POST applications of glufosinate, 2,4-D, and dicamba (Meyer et
al., 2015; Cahoon et al., 2015; Manuchehri et al., 2017). These Xtendflex™ wvarieties accounted
for nearly 55% of the cotton varieties planted in the U.S. during 2019, while approximately 65 to
75% percent of soybean varieties planted during that time had the Xtend™ trait package
providing resistance to glyphosate and dicamba (USDA AMS, 2019; E. Prostko, personal
communication). These traits are widely planted because they provide flexibility in weed control
and have high yield potential; as a result, dicamba use has increased. Dicamba was applied on
less than 10% of hectares planted to cotton in 2010 compared to 43% of planted cotton hectares
in 2019, while less than 1% of planted soybean hectares received dicamba in 2012 compared to
27% in 2018 (USDA NASS, 2020). Dicamba-based weed management programs can effectively
control many of the most problematic weeds in the U.S. including Palmer amaranth (Amaranthus
palmeri S. Watson), common watethemp (Amaranthus tuberculatus (Moq.) J. D. Sauer),

horseweed (Conyza canadensis L.), giant ragweed (Ambrosia trifida 1..), and morningglory
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90  species ([pomea spp.) (Bamett et al., 2013; Kruger et al., 2010; Leon et al., 2016; Meyer et al.,

o1  2015).

92 Although dicamba-based herbicide systems can be effective, rapid adoption and

93  overreliance on dicamba applied POST is already of great concern in regards to weed resistance

94  development. Greenhouse studies have shown that Palmer amaranth exposed to sublethal rates of

95  dicamba for three generations can lead to populations with reduced sensitivity (Tehranchian et

96 al,2017). As aresult of overreliance on dicamba in corn and wheat production, there are

97  populations of dicamba resistant kochia (Bassia scoparia (1..) A.J. Scott) in the Midwest

98  (Cranston et al., 2001). Additionally, just four years after the introduction of dicamba-tolerant

99  crops, dicamba resistant Palmer amaranth has been identified in Tennessee (Steckel, 2020). To
100  delay the likelihood of resistance in other populations, integrated approaches such as utilizing

101 multiple effective herbicide mechanisms of action and cultural control methods must be utilized.

102 Applying multiple mechanisms of action as a tank mixture is a method to reduce

103  selection pressure and potentially improve weed control (Green et al., 2016; Vann et al., 2017).
104  Crops tolerant to both glufosinate and dicamba would allow for an effective dicamba POST tank
105  mixture that can improve weed control beyond either herbicide applied alone (Vann et al., 2017)
106  and likely delaying resistance to either herbicide mechanism of action (Green et al., 2016).

107  However, current registrations prohibit this herbicide mixture because of volatility concerns

108  (Anonymous, 2018a; Anonymous, 2018b). Thus, this restriction often leaves growers making
109  glyphosate plus dicamba applications ultimately applying dicamba as the only effective

110  mechanism of action being used to control glyphosate resistant weeds.

111 The use of residual herbicides and cover crops diversifying management programs have

112 also been shown to improve weed control while reducing selection pressure on POST applied
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113 herbicides. For example, Johnson et al. (2012) observed both improved common waterhemp and
114  giant ragweed control with the addition of PRE herbicides in a total POST system. They also

115  documented the PRE herbicide can assist in minimizing selection pressure by reducing the

116  number of weeds exposed to the POST herbicide application (Johnson et al., 2012). Similarly,
117  the use of cover crops have been shown to reduce or delay weed emergence thereby reducing the
118  number of weedy pest to be controlled with POST herbicide applications (Aulakh et al., 2012;
119  Bunchek et al., 2020; Price et al., 2016; Wallace et al., 2019; Webster et al., 2016; Wiggins et al.,
120  2016). Thus, the objective of this experiment was to design dicamba-based management

121 programs that are effective and sustainable with the potential for immediate grower adoption.
122 The influence of cover crop, PRE herbicides, and a layby post-directed (LPD) application using
123  traditional herbicide chemistry were evaluated to determine their influence on selection pressure

124  of dicamba applied POST in a cotton weed management program.
125 MATERIALS AND METHODS

126 During 2018 and 2019, an experiment was conducted four times in Ty Ty, GA and

127  Jackson, TN; site characterization including soil texture, organic matter, soil pH, cereal rye

128  biomass, and cotton planting date are provided in Table 1. Treatments were arranged in a split-
129 plot design, with the whole plot being conventional tillage or cereal rye cover crop. For the cover
130 crop systems, cereal rye (Secale cereale 1) (cv. “Wrens Abruzzi’) was planted at a seeding rate
131 of 100 kg ha with a grain drill (Great Plains Manufacturing, Salina, KS) in the November to

132 December prior to cotton planting. Once the cereal rye reached a minimum height of 2 m in the
133 spring, it was rolled with a roller crimper (I & J Manufacturing, Gordonville, PA) in the direction
134 cotton would be planted and killed with glyphosate in preparation for planting cotton. Cotton

135  was planted using a strip-till planter system, with a two-row planter attached to the strip-till
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136  implement to reduce planting, in GA and with a no-till planter in TN. For conventional tillage
137  systems, bareground beds were roto-tilled making them free of weeds and debris and planted on
138  the same day using the same planters as noted for the conservation tillage systems. Deltapine
139 1646 B2XF and Deltapine 1518 B2XF at 2 seeds per 20 cm were planted 1.2 cm deep in GA and
140 TN, respectively. Cultural practices, including fertilization, insect management, plant growth
141 management and defoliation, were conducted as recommended by the extension service in each

142 state (Raper, 2014; Whitaker et al., 2018).

143 The subplot was herbicide system, with four systems evaluated: (1) no herbicide; (2) 3
144  sequential applications of dicamba plus glyphosate POST (0.56 + 1.12 kg ai ha™'); (3) diuron plus
145  fomesafen (0.57 + 0.17 kg ai ha!) PRE b 3 sequential applications of dicamba plus glyphosate
146  POST; and (4) diuron plus fomesafen PRE b 2 applications of dicamba plus glyphosate POST
147 b diuron plus MSMA (0.84 + 1.38 kg ai ha™!) plus crop oil concentrate (1% v/v) directed at

148  layby. PRE applications occurred O to 1 d after planting, POST 1 occurring 12 to 23 d after PRE
149  applications, POST 2 occurring 18 to 30 d after POST 1, and POST 3/LPD occurring 16-21 d
150  after POST 2. Cotton height, weed height, and maximum weed density for each location are

151  listed in Table 2.

152 Two dicamba-based programs included three dicamba POST applications following label
153  requirements at the time the experiment was initiated. In 2019, new requirements limited

154  dicamba to two in-season applications but continued to allow an additional burndown application
155  equaling a potential for three applications during the season (Anonymous, 2018a; 2018b). All
156  herbicides were applied using a CO2 — pressurized backpack sprayer calibrated to deliver 140 L
157  ha. PRE and POST applications were made using 110015 TTI nozzles, while layby applications

158  were made using Floodjet TK-VS2 nozzles (Teejet Technologies, Wheaton, 1L) with spray
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159  directed toward the bottom 10 c¢m of the cotton plant. All residual herbicides were activated with
160  at least 0.6 cm of rainfall or irrigation within 48 hr of application. Plots were two rows wide
161  spaced 96 cm apart and 9 m long in TN, and four or six rows wide spaced 92 cm apart and 7.5 m

162  long in GA.

163 In GA, differences in cotton stand relative to tillage system were visually evident thus
164  stand was recorded; differences were not observed in TN and were not recorded. Emerged cotton
165  plants were counted for the entire plot 15 d after planting in GA. Cotton heights were also

166  collected in GA on 20 plants per plot beginning 6 d after POST 2 and were measured up to S d
167  after POST 3/LPD to determine the impacts of weed competition on cotton growth. Visual injury
168  to cotton was evaluated following each herbicide application. However, injury was less than 10%

169  for all treatments, evaluation dates, and locations and will not be reported.

170 To quantify the influence cover crop, PRE herbicides, and a directed layby application
171  had on the selection pressure of glyphosate plus dicamba applied POST, weeds were counted one
172 day prior to each in-season herbicide application. In GA the entire plot was counted, while a

173 representative 0.25 m? quadrat of each plot was counted in TN. Following the first POST

174  application, broadleaf weeds present were separated into two categories: 1) previously treated
175  and damaged by dicamba or 2) newly emerged, which quantifies the total number of weeds being
176  treated with dicamba plus glyphosate but also determines the number of weeds surviving at least
177  one dicamba plus glyphosate application with potential for additional exposure. Separating weed
178  counts into previously damaged or newly emerged occurred at the three GA locations. From

179  these counts, exposure to glyphosate plus dicamba over the entire season can be calculated,

180  which can assist in determining the optimum weed management system to reduce exposure to

181  POST herbicide options in cotton. Weeds counted throughout the season included Palmer
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182  amaranth, pitted morningglory (Ipomea lacunosa 1..), yellow nutsedge (Cyperus esculentus 1..),
183  and crowfootgrass [Dactyloctenium aegyptium (L.) Willd.]. At the end of the season, Palmer

184  amaranth and crowfootgrass were counted for the entire plot and subsequently cut and weighed
185  for biomass where present in GA. Pitted morningglory and yellow nutsedge were not evaluated
186  at the end of the season because pitted morninglory vines were desiccated by defoliation

187  mixtures and yellow nutsedge was eliminated by a late-season fungus. Cotton was then harvested

188  using a cotton picker for yield comparisons.

189 Data were subjected to ANOVA using PROC GLIMMIX in SAS, version 9.4 (SAS

190 Institute, Cary, NC) evaluating the impact of tillage option and herbicide program on the

191  response variables. Cotton stand and height, weed counts and biomass, and cotton yield were all
192  set as the response variables in the model, while block and location were included as random
193  factors. Location by treatment interactions were evaluated for all response variables, and when
194  appropriate, data was separated by location for analysis. All weed counts were square root

195  transformed, and weed biomass was log transformed to improve normality and homogeneity of
196  variance prior to analysis, however all data are presented in their back-transformed values. All P
197  values for tests of differences between lest-squares means were compared and adjusted using the

198  Shaffer-simulated method (o = 0.05).

199 RESULTS AND DISCUSSION

200  Cotton Stand

201 Cotton stand was influenced by soil temperature during emergence in GA. Two distinct
202 environmental conditions were noted with maximum soil temperatures ranging from 30-37 C for

203  two locations (2018 and 2019 early planted) and 40-43 C for one location (2019 late planted).
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204  When combined across 2018 and 2019 early planted locations, cotton stand was higher with

205  conventionally prepared soil (112,345 plants ha™!) compared to cover crop treatments (94,144
206  plants ha ) (data not shown). Conditions at these locations were optimal for cotton germination
207  and root development in the conventional system with maximum soil temperatures ranging from
208  30-37 C and minimum soil temperatures ranging from 18-23 C (McMichael and Burke, 1994;
209  Pearson et al., 1970; Raphael et al., 2017; Snider et al., 2014). The reduction in stand with the
210  cover crop may have been influenced by cooler soil temperatures and higher moisture levels

211 which has been previously documented (Teasdale and Mohler, 1993). In fact, Teasdale and

212 Mohler (1993) observed predicted soil temperature decreases of 2 to 5 C in the first five weeks
213 following cover crop termination when 3,000 kg ha™! of residue was present. Although a greater
214  plant population was noted in conventional systems, both production practices had an adequate

215 plant stand to maximize yield potential (Whitaker et al., 2018)

216 At the third GA location, maximum soil temperatures ranged from 40 to 43 C for each of
217  the first seven days after planting in the conventional system. McMichael and Burke (1994)

218  noted root development at 40 C was nearly half that observed at 34 C. Irrigation was

219  implemented to preserve the crop but limitations of irrigation volume and the inability to lower
220  soil temperatures for an extended period of time limited irrigation benefits. Due to these adverse
221 conditions, cotton stand was significantly reduced when planted into conventional tillage (51,457
222 plants ha'), while cotton planted into a rye cover crop noted a higher stand (79,072 plants ha™).
223 As mentioned earlier, cover crops can reduce soil temperatures and help preserve soil moisture
224  improving emergence in excessively hot or dry environments (Teasdale and Mohler, 1993). Final
225  populations in the conservation tillage systems were adequate to maximize yield potential while

226  those in the conventional systems were low (Whitaker et al., 2018).
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227  Cotton Heights

228 Results were not influenced by year or location, thus heights were combined for analysis.
229  Since herbicide injury was transient, differences in cotton heights assist in quantifying the impact
230  of early-season weed control on competition with the crop. Although less weeds were noted in
231 the conservation tillage system when compared to the conventional system (Table 3), early-

232 season weed competition was similar among tillage systems. The emerging weed population in
233 the strip-tilled area of the conservation tillage system (10 cm on each side of the cotton plant)
234 was similar to that observed in the respective area of the conservation tillage system leading to
235  similar early-season weed competition on the young cotton (data not shown). In contrast,

236  differences in herbicide systems were significant. Approximately two wks after POST 1, the

237  tallest cotton was observed when a PRE herbicide was followed by a POST application (36 cm),
238  where cotton treated with a POST only and cotton not treated with a herbicide were significantly
239  shorter (25 and 26 cm, respectively) (data not shown). The weeds present in these locations

240  (Palmer amaranth, pitted morningglory, crowfootgrass, and yellow nutsedge) are all extremely
241 competitive with crops, competing for light, nutrients, space, and water (Zimdahl, 2004). A PRE
242 application can be vital to reduce weed competition and maximize yield in cotton (Byrd and

243 Coble, 1991; Crowley et al., 1978; Keeley and Thullen, 1975; Rowland et al., 1999).
244  Palmer amaranth

245 Density counts were averaged over the TN and three GA locations and was influenced by
246  the interaction of tillage option and herbicide system when evaluated 1 d before the first POST
247  application. Nearly 2 million plants ha™! were recorded in the tilled system when no herbicide
248  was utilized (Table 3). The cover crop alone reduced emergence 75% which is an effective

249  approach in reducing selection pressure of POST applied herbicides (Aulakh et al., 2012;
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250  Bunchek et al., 2020; Price et al., 2016; Wallace et al., 2019; Webster et al., 2016; Wiggins et al.,
251 2016). The application of two effective mechanisms of action PRE, with timely rainfall or

252 irrigation, was even more effective than the cover crop reducing the number of Palmer amaranth
253  plants present by at least 99.7%, regardless of production system. The value of residual

254  herbicides with a cover crop are often questioned due to the cover crop prohibiting some of the
255 herbicide from reaching the soil (Teasdale et al., 2003). However, this study and others have

256  documented residual herbicides in combination with a cover crop may be one of the most

257  effective approaches for reducing selection pressure to POST applied herbicides (Bunchek et al.,
258  2020; Wallace et al., 2019). Additionally, the cover crop had a similar influence reducing the

259  number of plants to be controlled by PRE herbicides thereby reducing selection pressure on those

260  herbicide tools as well.

261 Just prior to the second POST application, over 1.2 million plants ha™! were observed in
262 the no-herbicide conventional system (Table 4). Intra- and interspecific competition has been

263  noted with Palmer amaranth in soybean and sweet potato [[pomoea batatas (L.) Lam.], and could
264  be why density was reduced at each application timing (Basinger et al., 2019a; 2019b). The

265  cover crop alone or glyphosate plus dicamba POST 1 reduced the number of plants present 70 to
266  81% when compared to the conventional control. The cover crop was as effective as a single

267  POST application in controlling the weed at this time. Previous research has noted suboptimal
268  control from one application of dicamba to Palmer amaranth (Merchant et al., 2013). Although
269  cover crops are extremely effective early in the season, herbicides are still necessary for season-
270  long weed control (Teasdale, 1996). The PRE fb POST program, regardless of production

271 system, reduced the number of plants treated by the POST 2 application by at least 98.5%.
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272 Trends one d prior to POST 3 were similar, with the cover crop alone providing 54% control,

273 and all herbicide systems providing 90% control or greater (data not shown).

274 With density counts taken one d prior to each POST application, the total number of
275  Palmer amaranth exposed to dicamba plus glyphosate over the entire season within each system
276  can be calculated. Results were influenced by the interaction of tillage option and herbicide
277  system. The highest level of exposure was present when 3 sequential POSTs were applied in
278  conventional tillage (2,155,409 plants ha™!) (Table 5). The addition of the cover crop with this
279  program reduced season-long exposure to dicamba plus glyphosate 65%. Although the cover
280  crop was beneficial, the PRE application was more impactful reducing exposure over 97 and
281  91% in conventional and conservation tillage systems, respectively. Replacing the POST 3

282  application with the LPD application further reduced the number of Palmer amaranth plants
283  treated with glyphosate plus dicamba by 38,319 plant ha! when comparing relative systems.
284  This was a 66% reduction in exposure (18,105 vs 56,424 plants ha™') at this time (data not

285  shown). Layby applications in cotton can provide a unique opportunity to further reduce

286  selection pressure to POST herbicide options by utilizing additional mechanisms of action that
287  can provide both POST and residual control of problematic weeds (Clewis et al., 2008; Price et

288 al., 2008).

289 Reducing the number of plants treated with dicamba is paramount for farm sustainability;
290  however, reducing the number of plants receiving multiple exposures over time may be even

291  more important (Bagavathiannan and Davis, 2018; Tehranchian et al., 2017). In GA, it was

292  determined that the number of plants ha™! surviving glyphosate plus dicamba POST 1 to be

293  treated with a second application was 204,472; about 10% of the emerged population at time of

294  POST 1 (Table 4). The addition of a cover crop or a PRE herbicide in conjunction with the
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295  POST 1 application reduced the number of plants previously surviving a dicamba plus

296  glyphosate application by over 43 or 97%, respectively. At time of the final herbicide

297  application, 35 times more Palmer amaranth had survived in the total POST program (43,506
298  plants ha') receiving either one or two previous exposures to dicamba as compared to the PRE
299  fb POST program (1,208 plant ha'!). Treating the same weed population with the same

300 mechanism of action continuously places enormous selection pressure for the development of
301  herbicide resistance (Bagavathiannan and Davis, 2018). Therefore, reducing the number of
302  Palmer amaranth treated with a single mechanism of action multiple times in a season reduces

303  the likelihood of developing resistance.

304 Palmer amaranth plants were counted and weighed at harvest to evaluate the impact of
305 tillage option and herbicide system on population and size over the entire season. Both end of
306  season counts and biomass were impacted by the main effect of herbicide system. Price et al.
307 2016 also observed that cover crop and tillage systems had generally similar weed densities at
308  harvest after herbicide programs were implemented. Palmer amaranth density and biomass were
309  highest when no herbicide was used (167,641 plants ha™! weighing 1,793 kg ha!) (Table 6). All
310  herbicide systems resulted in a similar reduction in both population and biomass (102 — 847
311 plants ha'! weighing 7 — 24 kg ha™'). However, when only comparing treatments receiving

312 herbicides, both systems receiving a PRE resulted in reduced density compared to the 3

313 sequential POST system (data not shown). Of special note is that even with an ideal herbicide
314  system, including a PRE application with two effective mechanisms of action, sequential POST
315  applications, and a layby application, Palmer amaranth was not eliminated at the end of the

316 season.

317  Crowfootgrass
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318 Density counts are combined over two GA locations and an interaction of tillage option
319  and herbicide system was noted for the values taken one d before POST 1. The highest density of
320 788,759 plants halwas present in conventional tillage with no herbicide (Table 3). The cover

321 crop reduced the density 74% with the PRE herbicide being more effective at 92%. Both

322  fomesafen and diuron have demonstrated substantial grass control when applied PRE (Gardner et
323 al, 2006; Walker et al., 1998). The integrated system of cover crops and the PRE herbicide

324  reduced the population nearly 95% when compared to the conventional control (Table 3). In

325  peanuts, similar results were observed. Large crabgrass (Digitaria sanguinalis L.y control was
326  41% with a cover crop and 61% with two effective PRE herbicides, but when herbicides and

327  cover crop were used simultaneously control was 91% (Aulakh et al., 2015).

328 The highest density at POST 2 was also observed in conventional tillage with no

329  herbicide treatment (662,439 plants ha™') (Table 4). The cover crop reduced density 72%,

330  however, 98% of a reduction was observed with the PRE fb POST herbicide system in both

331 tillage systems. Over % million crowfootgrass plants ha™ emerged after the POST 2 application
332 and before the final herbicide application in conventional tillage with no herbicide, documenting
333  the need for late-season weed control in cotton (data now shown). Previous work has

334  demonstrated the need for late-season grass control in cotton. Even when S-metolachlor was

335  applied early POST with glyphosate, late-season control of grass weeds was less than 80%,

336  resulting in yield losses of at least 23% (Clewis et al., 2006). Even after continual grass

337  emergence, density counts at time of the final herbicide application were 49% less with the cover
338  crop when averaged over herbicide systems and were 98% less with herbicide systems,

339  regardless of tillage system, when compared to no herbicides (data not shown).
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340 At harvest, crowfootgrass was counted and weighed to determine the impact of tillage
341  option and herbicide system on density over the entire season. Both counts and biomass were
342 only impacted by the main effect of herbicide system. Density at harvest was highest when no
343 herbicide was used (2,636,244 plants ha™!), while adding any herbicide system resulted in a

344  reduction over 98% (Table 6). Similar to counts, biomass was highest when no herbicide was
345  used (1,817.2 kg ha') but differences among herbicide systems was observed. A total POST

346  program and the PRE fb three POST applications accumulated 18.8 and 5.2 times more biomass
347  than the standard system of a PRE fb sequential POST and a directed layby (Table 6). Residual
348  activity from diuron reducing late-emerging plants was likely part of the difference. Clewis et al.
349  (2008) also observed improved grass control when directed layby applications were used

350 compared to POST only systems or when no layby was applied.
351  Yellow Nutsedge

352 Averaged over the two GA locations where nutsedge was present, an interaction of tillage
353  option and herbicide system was noted one day prior to the first POST application (Table 3). The
354  highest yellow nutsedge density was present with conventional tillage without herbicides

355 (1,320,437 plants ha!). The addition of the rye cover crop reduced yellow nutsedge populations
356 68% (Table 3). When vellow nutsedge control was evaluated in peanut, no differences were

357  noted between conventional tillage treatments compared to when a cover crop was used which
358 the authors attributed to low biomass levels accrued and soil moisture (Aulakh et al., 2015). The
359  PRE herbicide treatment reduced the nutsedge population 87% just prior to the first glyphosate
360  plus dicamba application and was likely a result from fomesafen activity (Table 3). Previous

361  research in multiple cropping systems has demonstrated that the residual activity of fomesafen

362  can effectively control of yellow nutsedge (Bovyd, 2015; Grichar,1992; Reed et al., 2016).
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363 Similar to early-season observations, density counts at time of POST 2 noted the highest
364  vellow nutsedge density was present when no herbicide was used in conjunction with

365  conventional tillage (3,209,930 plants ha™!) (Table 4). The addition of a cover crop alone,

366  herbicides alone, or cover crop plus herbicide reduced the population 78 to 90%. At POST 3,
367 tillage practices had no impact but herbicide systems continue to reduce the population at least
368  76% (data not shown). All treatments that received herbicide applications included POST

369  applications of glyphosate in tank-mix with dicamba. Previous research by Burke et al. (2008)
370  noted significant reductions in shoot and root/tuber dry weights resulting from applications of
371 glyphosate. The utilization of glyphosate to reduce tuber production in a weed management

372 system plays a large part in long-term management of nutsedge species (Burke et al., 2008;

373  Reddy and Bryson, 2009; Webster et al., 2008).
374  Pitted Morningglory

375 PRE herbicides did not reduce the morningglory population at any of the three GA

376  locations where the weed was present (data not shown). Previous research has demonstrated that
377  neither fomesafen nor diuron applied PRE effectively control morningglory (Gardner et al.,

378  2006; Osborne et al., 2003). Glyphosate plus dicamba POST and the LPD application provided
379  complete control of emerged morningglory (data not shown). However, the weed continued to
380  emerge after each application which has been documented in morningglory species (Norsworthy
381  and Oliveira, 2007; Oliveira and Norsworthy, 2006; Singh et al., 2012). Interestingly, at the

382  location with the highest morningglory density (426,069 plants ha''), treatments with a cover
383  crop noted a 71% reduction in morningglory density at the time of POST 1 compared to

384  conventionally tilled treatments (data not shown). However, the cover crop was not beneficial at

385 later evaluations nor was it beneficial during any evaluation at the other locations. Previous
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386  research has noted little benefit from a rye cover crop with respect to morningglory control

387  (Koger etal., 2002).
388  Cotton Yield

389 Cotton yield, pooled over locations, was influenced by the main effect of herbicide

390  system and the main effect of tillage option. With respect to herbicide system, seed cotton yield
391  was highest when a PRE application was utilized (4,081 — 4,198 kg ha'!) (Table 7). Solely

392  relying on POST herbicides for weed control noted a reduction in seed cotton yield of 14%,
393  while not using an herbicide resulted in a 95 to 96% yield loss. Previous research on the weed-
394  free period of cotton has demonstrated that an 8-week weed free period should result in

395  maximum cotton yields (Buchanan and Burns, 1970; Tursun et al., 2016). The use of a PRE
396  application in this study followed by sequential POST applications allowed for minimal weed
397  competition from planting through harvest. With respect to tillage option, cotton grown with a
398  cover crop yielded higher than cotton grown in conventional tillage (3,226 and 2,761 kg ha™,
399  respectively). Although stand was reduced in cover crop treatments at two locations, cotton has
400  an amazing ability to compensate for gaps in stand (Hasnam, 1985). Previous research has

401  observed increased yields from cotton grown in a cover crop, demonstrating benefits outside of
402  just weed control. Price et al. (2012) demonstrated yield benefits in early planted cover crop
403  treatments compared to conventional tillage in two out of three years, which resulted in greater
404  economic returns. Price et al. (2016) also noted higher yields with cover crop treatments

405  compared to conventional tillage. Previous research has demonstrated many benefits to utilizing
406  cover crops including soil moisture preservation, improved water infiltration, reduced erosion

407  and runoff and reduced thrips pressure during early-season (Mirsky et al., 2012; Knight et al.,
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408  2017; Teasdale, 1996). Many of these benefits could have factored into the increased yield

409  observed in this experiment.

410 CONCLUSIONS

411 Reducing the number of weeds, especially Palmer amaranth, that farmers need to control
412 with POST herbicides will likely improve farm sustainability as a result of having less herbicide
413  resistance. The data presented herein demonstrates cover crops reduced the number of Palmer
414  amaranth and crowfootgrass plants present from cotton emergence through the final herbicide
415  application by 49 to 75% thereby reducing selection pressure for both PRE and POST herbicide
416  applications. PRE herbicides were more effective than the cover crop reducing Palmer amaranth,
417  crowfootgrass, and nutsedge plants to be controlled by POST herbicides by 77 to 99% but a

418  combination of the cover crop and PRE herbicides was the more consistently effective option.
419  Replacing the third POST application with a LPD application further reduced selection pressure
420  to the POST herbicides, although much less than cover crops or PRE herbicides. Additionally,
421  from an agronomic standpoint, a complete herbicide program improved cotton growth,

422 development, and ultimately yield at the end of the season. Conservation tillage systems also

423 noted higher cotton yields due to the many benefits associated with cover crop use.
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Table 1. Soil characteristics, cover crop biomass level, and planting dates for each experiment.

Year Site Soil texture Organic matter Soil pH Cereal rye biomass Planting date
% sand, silt, clay % kg ha’!

2018 Jackson, TN 22,49, 29 1.4 6.6 3,651 May 10

2018  TyTy, GA 85,10, 5 0.65 6.2 6,019 May 16

2019 Ty Ty, GA 84, 14,2 0.64 5.8 2,306 May 14

2019 Ty Ty, GA 8§, 10,2 0.52 6.7 1,575 May 23
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Table 2. Cotton and weed size at each application, and maximum weed population by location.

Cotton
Location Year Application Heights Palmer amaranth Pitted Morningglory Crowfootgrass Yellow Nutsedge
Max. Max. Max.
Height Max. pop.? Height®  pop.** Height® pop.*© Height® pop.®©
cm cm  plants ha’! cm  plants ha™ cm  plants ha'! cm  plants ha'
Jackson, TN 2018 POST 1¢ 25 10 125,000 - - - - - -
POST 2% 51 8 - - -
POST 3/LPD* 60 5 - - -
Ty Ty, GA 2018 POST 1 13 18 3,553,444 13 426,069 - - - -
POST 2 36 13 0 - -
POST 3/LPD 51 13 10 - -
Ty Ty, GA 2019-1° POST 1 20 20 7,316,338 5 47 819 20 1,075,932 40 552,378
POST 2 51 20 5 20 26
POST 3/LPD 71 15 10 10 15
Ty Ty, GA 2019-2° POST 1 25 46 1,154,834 13 12,792 25 914,542 36 2,312,449
POST 2 51 28 8 18 23
POST 3/LPD 79 20 8 10 15

*Abbreviations: POST 1, Postemergence Application 1; POST 2, Postemergence Application 2; POST 3/LPD, Postemergence Application 3 or Layby Post-directed; Max. pop., Maximum

population.
"Ty Ty, GA locations in 2019 were planted at different times. 2019-1 is the first planting date, while 2019-2 is the second planting date.

‘Ifa "-" is present under a weed for a specific location, then that weed was not evaluated at that location.
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Table 3. Weed counts one d before POST 1% as influenced by the interaction of tillage system and the use

of a preemergence herbicide.

Tillage option Herbicide system?® Palmer amaranth® Crowfootgrass Yellow nutsedge®
no. ha'!
None 1,961,175 788,759 1,320,437 a
Conventional
PRE 3,717 62,349 176,679 b
None 480,869 206,276 417,827 b
Cover crop
PRE 1,524 42,974 300,793 b

*Abbreviations: PRE, preemergence; POST 1, first topical application.

"Data averaged over four locations for Palmer amaranth and two locations for crowfootgrass and yellow nutsedge.

Means within a column followed by a different letter are significantly different (0=0.05).
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Table 4. Weed density evaluated one d before POST 2 as influenced by tillage and herbicide system.?

Palmer amaranth Crowfootgrass®®! Yellow nutsedge®®'
Total®®! Survived®! Total Total
Tillage option Herbicide system®® no. ha™!
None 1,208,924 a - 662,439 a 3209,930 a
Conventional POST only 227,191 bc 204,472 a 67,644 bce 293074 b
PRE fb POST 9,972 d 5272 ¢ 5,620 ¢ 311,837 b
None 368,396 b - 184,796 b 711,409 b
Cover crop POST only 127,882 «c¢d 116,035 b 48,389 bc 514,711 b
PRE fb POST 17,859 d 4701 ¢ 10,0506 ¢ 348,527 b

*Abbreviations: POST 2, second topical application; POST, postemergence; PRE, preemergence.
"The POST only herbicide system had received one application of dicamba plus glyphosate; PRE b POST systems had received diuron plus fomesafen at
planting, followed by dicamba plas glyphosate at POST 1.

“Total density present for each treatment.
dPalmer amaranth surviving the previous application of glyphosate + dicamba at the 3 GA locations; “~* designates systems where dicamba was not applied.

*Data averaged over four locations for Palmer amaranth and two locations for crowfootgrass and yellow nutsedge.

Means within a column followed by a different letter are significantly different (¢=0.05).
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Table 5. Palmer amaranth exposure to dicamba plus glyphosate over the entire

season as influenced by tillage and herbicide system.

Tillage option Herbicide system Palmer amaranth exposed?®
—————————————————————————————————————————— no. ha !

3 POSTs® 2,155,409 a

Conventional PRE fb 3 POSTs" 47355 ¢
PRE fb 2 POSTs fb LPD® 17,181 ¢

3 POSTs 744,670 b

Cover crop PRE tb 3 POSTs 66,287 ¢
PRE tb 2 POSTs tb LPD 19,053 ¢

*Data are averaged over four locations. Means within a column followed by a different letter are

significantly different (¢=0.05).

bAbbreviations: POST, postemergence; PRE, preemergence; LPD, layby post-directed.
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Table 6. Palmer amaranth and crowfootgrass density and biomass at harvest as influenced by

herbicide system.

Palmer amaranth®" Crowfootgrass®”
Density Biomass Density Biomass
Herbicide system no. ha'! kg ha! no. ha’! kg ha!
None 167,641 a 1,793 a 2636244 a 18172 a
3 POSTs® 847 b 24 b 27275 b 170 b
PRE 1b 3 POSTs"® 184 b 7 b 19,929 b 47 ¢
PRE fb 2 POSTs fb LPD¢ 102 b 8 b 2,053 b 09 d

*Palmer amaranth data averaged over four locations and crowfootgrass data averaged over two locations. Means
within a column followed by a different letter are significantly different (0=0.05).
"Data are averaged over tillage option.

°Abbreviations: POST, postemergence; PRE, preemergence; LPD, layby post-directed.
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Table 7. Cotton yield as influenced by the main

effects of herbicide system and tillage.

Seed cotton yield®

Herbicide system®™¢ kgha™
None 173 ¢

3 POSTs 3521 b
PRE fb 3 POSTs 4081 a
PRE fb 2 POSTs tb LPD 4198 a
Tillage option®

Conventional 2,761 b
Cover crop 3226 a

*Data are averaged over four locations. Means within a

column followed by a different letter are significantly

different (¢=0.05).

"Data averaged over tillage option.
“Data averaged over herbicide system.

dAbbreviations: POST, postemergence; PRE, premergence;

LPD, layby post-directed.
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